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Description 

Technical field 

[0001] This Invention relates to a novel method of culturing normal human chondrocytes and to the normal human 
chondrocytes obtained by the method. This Invention also relates to a cartilage therapy material using the normal 
human chondrocytes obtained by the method. 

Background Art 

[0002] In living body, chondrocytes exist integrated in the matrix of the living cartilage and can be isolated from the 
matrix by treating the tissues with an enzyme such as collagenase. One of the methods of therapy devised in the field 
of treating cartilage-related diseases has been transplanting of Isolated chondrocytes, especially autotransplantation 
of chondrocytes. For this purpose, trials conducted in animal experiments have attempted transplanting of isolated 
chondrocytes into defective articular cartilage (Bently, et. al., Nature 230, 385-388 (1971); Langer, Clin. Orthop. 124, 
237-250 (1 977); Aston et. al., J. Bone Joint Surg. 68-B, 29-35 (1 986); Wakitani, et. al., J. Bone Joint Surq 71 -B 74-80 
(1989)). 

[0003] Normal chondrocytes are required in large amounts for autotransplantation, but since only a small amount of 
cartilage can be extracted in the case of humans, it has been very difficult to obtain chondrocytes in a sufficient amount 
required for transplant. It has been attempted in the past to culture human chondrocytes of articular cartilage, auricular 
cartilage and costal cartilage. However, due to the minimal amount of human chondrocytes that can be used for culturing 
and the lack of an effective established method for culturing human chondrocytes, it has either been impossible to 
maintain the primary culture, or else when the primary culture has been successful, the time required has been very 
long, from six to eight weeks (Brittberg, et. al, New Engl. J. Med. 331, 889-895 (1994); Aulthouse, et. al. In vitro Cell. 
& Develop. Biol. 25, 659-668 (1989); Ting, et. al., 40, 413-421 (1998); Rodriguez, et. al., Plast. Reconstr. Surg. 103 
1111-1119(1999)). 

[0004] On the other hand, in cases of animals other than human (mouse, rabbit, chicken, cow, etc.) culturing of 
chondrocytes has been successful in some cases because large amounts of chondrocytes are available for primary 
culture and chondrocytes are easily extracted from fetuses or the young, which have extremely soft cartilage (Bentlyet. 
al. Nature 230, 385-388 (1971); Langer, Clin. Orthop. 124, 237-250 (1977); Aston et. al., J. Bone Joint Surg. 68-B, 
29-35 (1986); Wakitani, et at., J. Bone Joint Surg. 71-B, 74-80 (1989)). 

Disclosure of the Invention 

[0005] This invention therefore aims to provide a method of rapidly culturing human chondrocytes to obtain a large 
amount of normal chondrocytes and a mass thereof. This invention also aims, to provide cartilage therapy materials 
using the obtained normal human chondrocytes or a cell mass thereof. 

[0006] The inventor of this invention, as a result of intensive research, discovered that perichondral cells in the 
chondrogenlc stage support the proliferation ability of human chondrocytes. It was also discovered that co-cultivation 
of human chondrocytes together with such perichondral cells used as feeder cells can rapidly produce a large amount 
of human chondrocytes, especially in primary culture. It was further discovered that normal characteristics are main- 
tained in the chondrocyte on mass obtained by multilayer seeding and further culturing of the thus cultured human 
chondrocytes. 

[0007] This Invention therefore provides a method of rapidly culturing a large amount of human chondrocytes by co- 
culturing between human chondrocytes and perichondral cells in the chondrogenic stage, which are used as feeder 
cells to support the proliferation of human chondrocytes. Furthermore, a chondrocyte mass in a gel state can be ob- 
tained by multl seeding and culturing of the thus obtained human chondrocytes one or more times. The number of 
times of mu Itilayer seeding will depend on the size of cultured cartilage tissue required, but from 3 to 4 times is generally 
preferable. 

[0008] It is preferable to use chondrbgenic-stage perichondral cells from a mammalian fetus as feeder cells for the 
human chondrocyte culturing method of this invention, and it is more preferable to use first arch cartilage, Meckel's 
cartilage perichondral cells. Especially preferable are chondrogenic-stage perichondral cells from a 1 3-day-old murine 
fetus. 

[0009] The mammalian fetus used for the invention can be a fetus of any mammal, for example, a rodent (mouse, 
rat, rabbit, etc.), dog, ape, cow, goat or sheep. It is preferable to use a mammal such as mouse, for which detailed 
biological research on the viviparous period has been conducted. 

[0010] This Invention also provides normal human chondrocytes obtained by the method of invention, and a cell 
mass thereof. The human chondrocytes obtained by the method of the invention are integrated into the cartilage matrix 
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which contains chondrocalcin, type II collagen and the like. The cultured chondrocytes also bind to each other through 
the cartilage matrix to form a gel-like cell mass. For the purpose of this invention, "normal human chondrocytes" means 
chondrocytes that maintain the characteristics of the original cartilage. 

[0011] This invention also provides cartilage therapy materials consisting of materials Incorporating the above-men- 
tioned human chondrocytes or theircell mass. Any artificial or natural material can be used as the material incorporating 
the human chondrocytes or cell mass so long as it protects the chondrocytes for transplant from the surroundings and 
prevents them from diffusing and being absorbed. Those which can serve as scaffolding for the chondrocytes to be 
transplanted are preferred. Examples of such materials are collagen, polyglycolic acid (PGA), polylactic acid, alginates 
(for example, the calcium salt) , polyethylene oxide, fibrin adhesive, polylactic acid-polyglycolic acid copolymer, pro- 
teoglycans, glycosaminoglycans and human dermis. A proteoglycan or glycosaminoglycan may be sulfated. 
[001 2J This invention also includes treatment methods for cartilage-related diseases, that employ the cartilaqe ther- 
apy materials. 

[001 3] This invention also relates to the use of perichondral cells In the chondrogenlc stage, which support the pro- 
liferation ability of chondrocytes, as feeder cells in the above-mentioned treatment method. 

Human chondrocytes 

[0014] The method of the Invention can be applied to the cultivation of human chondrocytes of any cartilage tissue 
such as auricular cartilage, costal cartilage, articular cartilage, intervertebral cartilage, or tracheal cartilage. Chondro- 
cytes of auricular cartilage, costal cartilage and articular cartilage are especially suitable. Any articular cartilage, from 
the mandibular joint, upper arm joint, elbow Joint, shoulder joint, hand joint, hip joint, waist joint or leg Joint, can be used. 
[001 5J The chondrocytes used in the cultivation method of the Invention can be Isolated from human cartilage tissue 
by conventional methods. Chondrocytes are usually Isolated by chopping the sampled cartilage tissue with a chopping 
knife or the like, treating the chopped cartilage with trypsin or collagenase (e.g. type II collagenase) and filtering to 
25 isolate the chondrocytes. The preferred procedure Is as follows. 

(1 ) The sampled cartilage tissue is disinfected with an antibiotic (for example, penicillin, kanamycin) or an antifungal 
agent (for example, amphotericin B) and then minced with a scalpel or a chopping knife. 

(2) The minced cartilage tissue Is treated with EDTA, kept stationary overnight In a medium containing trypsin 
(preferably at 4°C), transferred into a medium containing type II collagenase (and kept stationary for 1 to 6 hours, 
if necessary) and incubated for 1 to 6 hours at 37°C. 

(3) The treated cartilage is transferred to a culture medium containing fetal bovine serum and agitated gently in 
the culture medium for several hours. The resulting culture medium is filtered with a filter (for example, a 1 00-mi- 
crometer filter) to isolate the chondrocytes. 
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[0016] By this method, 0.5 - 1 .0 x 1 0 6 human chondrocytes can be obtained from 0.5 cm2 of human cartilage tissue. 
The cultivation method of this invention can also be combined with known growth factors, especially those which stim- 
ulate proliferation of cartilage, such as FGF (for example, bFGF), IGF (for example, IGF-I) and/or bone morphogenetic 
protein 9 (BMP9). w 

Feeder cells 

[001 7] Feeder cells are cells that contribute to cell cultivation by supporting the proliferation ability and differentiation 
ability of a specific tissue or cell. For example, 3T3 cells derived from fibroblast cells are known as a feeder cells which 
support the proliferation ability of epidermal keratlnocytes (Green et. al., Cell 6, p.331 -344 (1 975)). However no feeder 
cells have been known for chondrocytes, and especially for human chondrocytes, 

[001 8] The feeder cells used for the cultivation method of this invention are cells wh ich support the proliferation ability 
of human chondrocytes when they are co-cultured and which allow the proliferated chondrocytes to maintain the char- 
acteristics of the original cartilage tissue, or specifically, to maintain the characteristics of sampled cartilage tissues. 
[0019] Such feeder cells can be obtained by screening cells using the above-mentioned criteria, i.e. supporting of 
the proliferation ability of human chondrocytes, and maintenance of characteristics. In a concrete screening procedure, 
sample cells are co-cultured with human chondrocytes, it is examined whether the chondrocytes have proliferated and 
whether the extracellular matrix of the proliferated cells is the same as the original cartilage matrix. Cells to be screened 
can be those isolated from a living body (including a fetus or embryo) or a tissue thereof, or a cloned cell. Chondrogenlc- 
stage perichondral cells from an animal, especially a mammal, will be referred to as the exemplary feeder cells of the 
Invention. 

[0020] It is preferable to use chondrogenic-stage perichondral cells from a mammal for which detailed biological 
research on the viviparous period has been conducted, e.g. a rodent (mouse, rat, rabbit), and especially chondrogenic- 
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stage perichondral cells from a mouse. A preferred chondrogenic stage is the period of differentiation and formation 
of first arch cartilage-Meckel cartilage. For a mouse, this corresponds to a 13-day-old fetus. It is also possible for this 
invention to use first arch cartilage-Meckel perichondral cells of a vertebrate other than a mammal, for example, the 
embryo of a bird {chicken, etc.) as the feeder cells. 

5 [0021 ] Although the feeder cells can be used for seeding without any treatment after they are isolated from the fetus 
or embryo, it is preferable to culture them in a suitable culture medium for about 1 0 to 14 days before use. The feeder 
cells can be subcultured (up to a 5 th , and preferably 1«* - 3 rd subculture), and preserved in a frozen state, preferably 
at a temperature and under conditions where the cell organelles are not destroyed. An example of such preservation 
is storage in DME medium containing a cryo-protectant such as 10% FBS, 10% glycerin, at -130°C or below. When 

10 the feeder cells are subcultured, it is suitable to change the medium about 3 times a week. The cryopreserved cells 
are thawed for use as the feeder cells. 

[0022] Even though the feeder cells are used In the primary culture together with the chondrocytes, in some cases 
the proliferation of chondrocytes may be weak, In which case co-culturing may only be possible up to the 1 ct subculture. 
It is therefore most effective and preferable to use the feeder cells at the time of primary culture. Before the co-culturing 
is with chondrocytes, it is possible to eliminate the proliferation ability of the feeder ceils by radiation (e.g. gamma rays, 
cobalt radiation) or chemical treatment. The chemical treatment can be performed with an anti-cancer agent such as 
mitomycin C or actinomycln D, or an antibiotic such as ampicillin. 

Method of culturinq human chondrocytes 

20 ' = ' 

[0023] Conventional culture media suitable for cultivation of chondrocytes can be used for co-culturing the human 
chondrocytes and feeder cells (mainly in primary culture). In addition to hydrocortisone (HC) and fetal bovine serum 
(FBS) into the media, a proliferation factor such as human bFGF or human IGF-I is added (Cuevas et. al., Biochem. 
Biophys. Res, Commun. 156, 611-618 (1988); Froger-Gaillard et al., Endocrinology, 124, 2365-2372). An example of 
25 such a medium is a mixed medium of F-12 and DME(H) In a ratio of 1 :1 , with addition of FBS (preferably about 1 0%), 
human bFGF (preferably about 1 0 ng/ml), HC (preferably about 40 ng/ml) and human IGF-I (preferably about 5 ng/ml), 

1) Primary culture 

so [0024] The feeder cells pre-processed by radiation are seeded in a flask (in the case of a flask having a 75cm 2 base 
area, a concentration of 1.0 x 10 6 cells is preferable), and the chondrocytes are seeded (preferably 0.5 - 1.0 x 10 6 
cells) and then cultured at conditions suitable for the cultivation of the chondrocytes (e.g. 37°C, 1 0% C0 2 ). The culti- 
vation is continued until the proliferated cells form a confluent monolayer (usually for 10 - 14 days). 

35 2) Subculture 

[0025] The subculture can be performed with the same culture medium as the primary culture (usually seven days 
for one subculture). When the cells obtained by primary culture are subcultured, in the case of auricular cartilage, the 
number of cells increases by 30 to 746 times from P0 (primary culture) ~> P6. In the case of costal cartilage, the number 
40 of cells increases by 65 to 1 61 times from P0 P4. When more chondrocytes are desired, the number of subcultures 
can be increased. 

3) Multilayer culturing 

43 [0026] Agel-like chondrocytemass can be obtained by multilayer seeding and culturing of chondrocytes obtained by 
one or more seedings, and preferably 3 to 4 seedings. In the obtained chondrocyte mass, the human chondrocytes 
are surrounded and connected by a cartilage matrix containing chondrocalcin and type II collagen to form a gel-like 
cell mass. 

As mentioned above, the chondrocytes obtained by the cultivation method of this invention maintain the characteristics 
50 of the original cartilage tissue, I.e. the cartilage tissue used for the primary culture. Maintenance of characteristics of 
the original cartilage tissue can be confirmed by the morphology of the cultivated cells and the composition of extra- 
cellular matrix (for example, chondrocalcin, type II collagen, as well as hyaluronic acid, chondroitin, chondroitln sulfate 
and keratosulfate). 

55 Cartilage therapy material 

[0027] The human chondrocytes or the cell mass obtained by the invention is Integrated into a biomaterial and used 
for transplant as a cartilage therapy material. Examples of blomaterlals Into which human chondrocytes or their cell 
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mass may be Integrated include: collagen, polyglycolic acid (PGA), polylactic acid, alginates (for example, the calcium 
salt), polyethylene oxide, fibrin adhesive, polylactic acid-polyglycolic add copolymer, proteoglycans, glycosaminogly- 
cans and human dermis, which may be used Independently or In combination. Proteoglycans and glycosamlnoglycans 
may be sulfated. Those blomaterials separate the chondrocytes from the surroundings and prevent the chondrocytes 
for transplant from diffusing or being absorbed, and preferably can serve as a scaffold for the transplanted chondrocytes. 
The blomaterials can be in any form, for example, membrane such as sheet, porous bodies such as sponges, meshes 
such as knits, textiles, non-woven fabrics, cotton and the like. It is preferable to use a porous material because this 
will allow the chondrocytes to more easily adhere to the biomaterial and permeate inside to promote the formation of 
cartilage tissue. 

[0028] When collagen is used as a biomaterial, it can be cross-linked. With Increased strength by the cross-linking, 
the cartilage therapy material composed of the collagen can be stably fixed to the body by a staple or the like and can 
support the chondrocytes or cell mass with the necessary strength until the new cartilage tissue forms. 
[0029] Moreover, the collagen can be solubillzed to form a collagen solution for admixture with the chondrocytes or 
cell mass, and the mixture gelled, If necessary, for use as a cartilage therapy material. Conventional collagen solutions 
can be used and it is preferable to use an enzyme-solubllized collagen solution because this removes Immunogenic 
telopeptides. It Is also possible to form a cartilage therapy material by Integrating or overlaying a mixture of collagen 
solution and chondrocytes into or onto a sponge, non-woven fabric or the like. 

[0030] When the materials into which the chondrocytes are integrated are properly selected, combined and shaped 
into a supporting body, the cartilage therapy material can not only form cartilage tissue but can also induce cartilaginous 
ossification. Human dermis Is an example of such a material which induces cartilaginous ossification. Ossification can 
also be promoted by a growth factor which promotes bone formation, such as bone morphogenetic protein (BMP). 
[0031] The invention will now be illustrated in detail by Examples. However, the invention is not restricted to these 
Examples. 

25 Best mode for carrying out the invention 
Examples 

Example 1 Chondrocyte cultivation 
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[0032] Culture-medium composition: To a mixed medium of F-12 and DME (H) in a ratio of 1 :1 there were added 
10% FBS, 10 ng/ml human bFGF (Kaken Pharmaceutical Research Institute), 40ng/ml HC and 5 nq/ml human IGF-I 
(Gibco). 

[0033] Chondrocytes: Chondrocytes were isolated from rear auricular cartilage (about 1 x 1 cm) and from precordial 
costal cartilage (about 1 x 1cm) respectively. 

[0034] Feeder cells: Cells surrounding first arch cartilage-Meckel cartilage of a 1 3-day-old mouse fetus were collected 
and cultivated to produce feeder cells, designated as CS21 cells. 

(a) Isolation of chondrocytes 

[0035] A piece of cartilage was disinfected with Penicillin G (1 OOu/ml) and kanamycin (0. 1 mg/ml) and processed with 
0.02% EDTA for 1 5 minutes. The piece of cartilage was then chopped with a scalpel and chopping knife, kept stationary 
overnight at 4°C in a medium containing 0.25% trypsin, and then incubated at 37°C for 1 - 6 hours in DME medium 
containing 0.3% type II collagenase. It was then transferred into DME medium containing 10% FCS, gently agitated 
with a stirrer for 2 hours and filtered with a 1 00-micrometer filter to separate the chondrocytes. 

(b) Feeder cells 

I) Isolation of feeder cells 

[0036] Cells surrounding first arch cartilage (Meckel cartilage) of a 1 3-day-old (chondrogenic stage) live Balb mouse 
fetus were collected using microsurgery technology. The obtained cell mass was transferred to a calcium-free culture 
medium containing 0.1 25% trypsin, left stationary In a refrigerator at 4°C for 4 hours, agitated gently by a stirrer for 1 0 
minutes and filtered to Isolate single cells. 

ii) Culture conditions 

[0037] The feeder cells were cultured In DME medium containing 5 - 10% FBS (fetal bovine serum) . In primary 
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culture, they became confluent in 3 - 4 days and In the first subculture they became confluent in 3 - 5 days. From the 
second subculture, the cells were subcultured every week and the 1 st to 3* subcultures were cryopreserved. The 
obtained cells (CS 21 cells) were used as feeder cells. 

(c) Primary culture 

[0038] CS21 cells treated with 60 Gy of radiation (cobalt) on the previous day were seeded on a flask having a base 
area of 75cm 2 at a density of 1 .0 x 1o 6 cells/cm 2 . On the same flask, the isolated human chondrocytes were also 
seeded at a density of 0.5 - 1 x 1 0* cells/cm 2 , and cultured at 37°C under 1 0% CO z . As a control, 3T3 cells were used 
as feeder cells under the same conditions. In the primary culture, the culture medium was exchanged two times a 
week. As a result, the chondrocytes co-cultured with CS21 cells became confluent in monolayer upon culturing for 10 
- 14 days, whereas little growth was observed when 3T3 was used (Fig. 1). The obtained cells were used for the 
following subculture. 

(d) Subculture of chondrocytes 

[0039] Subculture was carried out under the same conditions as the primary culture except that feeder cells were 
not used and the period of one subculture was 7 days. The human chondrocytes obtained by the primary culture were 
seeded on a flask at a density of 1 .0 x 1 o 6 cells/1 75cm 2 of the base area, subcultured every 7 days and cryopreserved 
after each subculture, and the increased number of chondrocytes was counted. 

• In the case of auricular cartilage (n=20), the cultivation was carried out by primary culture of auricular cartilage 
cells (n=20) P0 -> P1 (n=20) P1 -> P2 (n=13) P2 -> P3 <n=12) P3 -> P4 (n=9) P4 -> P5 (n-6) P5 -> P6 (n=3), and 
cells obtained at each subculture were cryopreserved. The cell count increase was about 30-to 746-fold. 

♦ In the case of the costal cartilage (n=1 2), the cultivation was carried out by the primary culture of costal cartilage 
cells (n=12) P0 -> P1 (n=12) P1 -> P2 (n=6) P2 -> P3 (n=4) P3 -> P4 (n=2), and the cells were cryopreserved In 
a similar manner. The cell count Increase was about 65-to 1 61 -fold. 

[0040] When the concentrations of chondrocalcln, which is a component of cartilage matrix, in the culture media 
were measured by enzyme Immunoassay (El A) using anti-chondrocalcln antibody, chondrocalcin was detected at a 
concentration higher than 1 00 ng/ml both with the auricular cartilage and costal cartilage which were subcultured for 
7 days. On the other hand, almost no cell proliferation was observed in the case of each chondrocytes cultured with 
no feeder cells or 3T In primary culture. The results of the cell cultures are shown in the following table 1 . 



Table 1 



Cartilage tissue 


Auricular cartilage 


Costal cartilage 


Feeder cell 


CS21 cells 


Not used 


CS21 cells 


Not used 


Cell proliferation 


Primary 
culture 
Subculture 


++ 

4-M- 


NT* 


++ 


NT* 



": not examined (primary culture failed, eubcultrvatbn impossible) 



[0041] The results show that primary culture by the method of the invention can be achieved in 2 weeks, the cell 
proliferation rate is high, and a large amount of normal cells are rapidiycultured, while conventional culture-system 
without feeder cells cannot be maintained because establishing primary culture is difficult, and even If successful, it 
takes 6 - 8 weeks for primary cultivation. Furthermore, the fact that a large amount of chondrocalcin of cartilage matrix 
was present in the culture media suggests that the increased cells are chondrocytes. 

(e) Multilayer culturing 

[0042] The chondrocytes obtained by the subculture were seeded by overlaying 3 times at a density of 1 x 1 o 6 cells/ 
cm 2 and cultured by multilayer culturing. A sheet-like gel mass was formed after two weeks of culturing (Fig. 2). When 
the gel-like chondrocyte mass was stained by HE (hematoxylin-eosine) staining, the cells were seen to be multilayered 
and joined together through the matrix (Fig. 3) . Moreover, when immunological staining was performed for type II 
collagen, which is a molecular marker of cartilage tissue, the extracellular matrix exhibited staining indicating that the 
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extracellular matrix was a cartilage-specific matrix (Fig. 4). Example 2 Transplanting of chondrocytes 

(a) In order to examine whether cartilage Is formed without the Influence of chondrocyte-integratlng material (sup- 
port) the obtained human chondrocyte mass was meshed in glass fiber (filter) and transplanted under the dorsal 
skin of nude mice (BALB/C Sic/nu, 10-week old, 25g) (n=1 0). Formation of cartilage tissue was confirmed in 3/10 
mice. Since large tissue did not form, It was conjectured that the chondrocytes were not stably held by the glass 
fiber and diffused into the surrounding tissues. Moreover, when the chondrocyte mass alone was transplanted, 
the chondrocytes were found dlffusedunder the skin. It was thus shown that the chondrocyte mass for transplant 
must be protected from the surroundings. 

(b) The human chondrocytes were held in PGA (n=1 0) as a support, in such a manner that the chondrocytes were 
ncorporated in the support, and transplanted into nude mice In the same manner. As a result, formation of cartilage 
tissue was observed in 100 percent of the samples (10/10). Fig. 5 shows the chondrocyte masses used for trans- 
tissue Fl9 ' 6 Sh ° WS 8 m ° USe three m ° mhS 8fter transp,ant and F,g 7 shows the specimens of the transplanted 

Moreover, when calcium alginate (n=5) was used as a support, formation of cartilage tissue was also observed 
in 100 percent of the samples (5/5). The specimens using PGA and calcium alginate as support were then made 
into preparations for microscopy and stained with Toluidine Blue. As a result, the Toluidine Blue metachromacla 
specific to cartilage tissue was observed (Fig. 8). Since larger cartilage tissue was formed with PGA, it is conjec- 
tured that PGA is more suitable as a support. 

(c) The conditions for ossification of the formed cartilage tissue were examined next. (Group 1 ) A human chondro- 
cyte mass was integrated into PGA and covered with fibrin. (Group 2) Another human chondrocyte mass was 
integrated Into PGA, wrapped with human dermis and then covered with fibrin. Both groups were transplanted 
under the dorsal skin of nude rats (F344/N mu/rnu, 6-week-old, 250g) and formation of cartilage tissue was ex- 
amined in both groups. Specimens extracted 3 months after the transplant showed Toluidine blue metachromacia 
specific to cartilage tissue, thus confirming that cartilage tissues had formed in both groups (Fig. 9). In Group 1 , 
in which chondrocyte mass was Integrated with PGA alone, only cartilage tissue formation was confirmed. In Group 
2, however, in which the mass was wrapped with dermis, vascularization was also observed in the perichondrium 
and matrix, and cartilaginous ossification was further observed in parts of the cartilage (Fig. 10). 

(d) It was then examined whether the cartilage tissue formed after the transplant expressed the characteristics of 
its origin (the cartilage tissue used for cultivation) . Preparations of the above-mentioned specimens were stained 
with HE (hematoxylin-eosine) staining, Toluidine Blue staining, Alcian blue + PAS staining and EVG (Elastica von 
Gieson) staining. The cell membrane and interstitium are stained by HE staining, thus allowing observation of cell 
morphology and confirmation of cartilage tissue formation from the cartilage cavity. The metachromatism observed 
by Toluidine Blue is specific to cartilage. Alcian blue + PAS staining dyes polysaccharides, thus allowing confirma- 
tion of a high amount of cartilage matrix, and especially elastin (glyoprotein) of elastic cartilage. EVG staining dyes 
elastic fiber, thus allowing confirmation of elastic cartilage (auricular cartilage) formation. 

In the case of the cartilage tissue formed from the cultured auricular chondrocytes transplant, the elastic fiber 
was strongly stained by the EVG staining, and PAS staining was positive in alcian blue + PAS staining, thus iden- 
tifying them as auricular cartilage cells. In the case of the tissue formed from the cultured costal cartilage transplant 
the elastic fiber was weakly stained by EVG staining, while PAS staining was positive in alcian blue + PAS staining 
thereby identifying them as costal cartilage cells. 

(e) When a similar transplant experiment was carried out using collagen sponge instead of PGA as support, for- 
mation of cartilage tissue was observed In 100 percent of the samples of auricular cartilage (5/5). The transplant 
specimens were made into preparations and stained with HE staining or alcian blue + PAS staining, and it was 
confirmed that cartilage tissue had formed (positive in HE staining) and that the formed cartilage tissue was au- 
ricular cartilage (positive in alcian blue + PAS staining) (Fig. 11). Formation of cartilage tissue was also confirmed 
when the same experiment was repeated with costal cortllage. 

(0 To confirm that the tissues after the transplant were human derived, antibody staining was carried out by the 
ABC-PC (peroxidase) method using anti-human type II collagen antibody. As a result, expression of human type 
II collagen was observed in both auricular cartilage and costal cartilage, thus confirming that the tissues were of 
human origin (Fig. 12). The results are shown in the following table. 

Table 2 





Auricular cartilage 


Costal cartilage 


HE staining 


+ 


+ 


Toluidine Blue metachromatism 


+ 
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Table 2 (continued) 





Auricular cartilage 


Costal cartilage 


PAS staining 


-M- 


+ 


EVG staining 


++ 




Human type II collagen 


+ 





(g) To further confirm that the formed cartilage tissue was of human origin, RT-PCR was performed with type II 
collagen. RT-PCR was carried out using the following primers having nucleotide sequences specific to human or 
mouse type II collagen, and the PCR products were treated with the restriction enzyme EcoRI Human- 
Forward primer: 5'-ACATACCGGTAAGTGGGGCAAGAC-3' (SEQ ID NO: 1) Reverse primer- 5'-AGGTCTTACAG- 
GAAGACAATAAAT-3 1 (SEQ ID NO: 2) Mouse; 

Forward primer: S'-ATTTTGCAGTCTGCCCAGTrCAGG-S' (SEQ ID NO: 3) and Reverse primer 5'-AGGTCTTA- 
CAGGAAGACAATAAAT-3' (SEQ ID NO 4) Since human-derived type II collagen Is cleaved by EcoRI it can be 
easily identified whether It is of human origin or mouse origin. RT-PCR was performed using samples 3 months 
after transplant from mice transplanted with cultured human chondrocytes tissue, with feeder cells alone and with 
feeder cells + cultivated human chondrocytes, and, as a control sample, mouse cells. A conventional protocol was 
used for extracting the RNA from the samples and for the RT-PCR, according to "GeneManipulationManuai" printed 
by Igaku-Shoin (published In 1995). 



[0043] With the sample transplanted of cultured human chondrocyte tissue, two bands were observed, indicating 
only human type II collagen. With the samples transplanted with feeder cells alone, digestion by EcoRI did not occur, 
indicating only mouse type II collagen. With the sample transplanted with the feeder cells + cultivated human chondro- 
cytes, a band for cleavage by the restriction enzyme and a band for no cleavage were observed, indicating both mouse 
and human type II collagen. With mouse cells as the control, digestion by EcoRI did not occur, Indicating only mouse 
type II collagen. These results confirmed that the cartilage tissue formed after transplant was of human origin The 
results are shown in Fig. 13. 



Industrial Applicability 

[0044] The present Invention enables rapid culturing of large amounts of human chondrocytes by co-cuituring human 
chondrocytes with perichondral cells in the chondrogenic stage, which are employed as feeder cells to support the 
proliferation ability of the chondrocytes. A human chondrocyte mass can be obtained by multilayer seeding and culturing 
of the obtained human chondrocytes one or more times. Cartilage therapy materials in which human chondrocytes or 
their cell mass is integrated can be produced. Appropriate selection of the material In which the chondrocytes are 
integrated allows the cartilage therapy material to Induce not only generation of cartilage tissue, but also cartilaginous 
ossification. They are therefore useful for the treatment of diseases involving cartilage and bone. 

Brief description of the drawings 

[0045] 



Fig. 1 is a set of photographs showing the results of the primary cultures of human chondrocytes together with (A) 
feeder cells (CS21 cells) of the invention and (B) 3T3 cells. 

Fig. 2 is a photograph showing culture medium alone (left) and the result of multilayer cultivation (right). 

Fig. 3, is a microphotograph showing HE (hematoxylin-eosine) staining of a gel-like cell mass obtained by multilayer 

cultivation. 

Fig. 4 is a microphotograph showing immunological staining using anti-type II collagen of a gel-like cell mass 
obtained by multilayer cultivation. 

Fig. 5 is a set of photographs of (A) amaterial consisting of PGA as a support on which a human chondrocyte mass 

was overlaid and (B) a material consisting of PGA in which a chondrocyte mass was held. 

Fig. 6 is a photograph of a mouse three months after a chondrocyte mass was transplanted. 

Fig. 7 is a set of photographs showing specimens extracted from the mice three months after transplant of the 

chondrocyte masses. 

Fig. 8 is a set of microphotographs of extracted specimens stained with Toluidine Blue, wherein the supports were 
PGA (A) and calcium alginate (B). 
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Fig. 9 is a photograph of extracted specimens of a group in which a chondrocyte cell mass was integrated in PGA 

(Group 1 ) and a group in which it was further wrapped with human dermis (Group 2). 

Fig. 10 is a microphotograph showing the tissue of Group 2 in which human dermis was used for wrapping. 

Fig. 11 Is a set of microphotographs of (A) HE staining and (B, C) alcianblue +PAS staining of auricular cartilage 

tissue transplanted with collagen sponge as a support in which chondrocyte mass was integrated. 

Fig. 1 2 Is a microphotograph of immunological staining of transplanted auricular cartilage tissue using anti-type II 

collagen. 

Fig. 13 is a photograph showing the result of RT-PCR for type II collagen of transplanted cartilage tissue. 
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SEQUENCE LISTING 

<U0> YANAGA Hiroko 

<120> Method for culturing human chondrocyte 
<130> FP1020 
<141> 2001-8-8 

<150> JP2000-241206 
<151> 2000-8-9 
<150> JP2000-381915 
<151> 2000-12-15 

<160> 4 

<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer 
<400> 1 

acataccggt aagtggggca agac 24 

<210> 2 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> PCR primer 
<400> 2 

aggtcttaca ggaagacaat aaat 24 

<210> 3 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer 
<400> 3 

attttgcagt ctgcccagtt cagg 24 

<210> 4 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR primer 
<400> 4 

aggtcttaca ggaagacaat aaat 24 



Claims 

1. A method for culturing human chondrocytes characterized by co-cufturing human chondrocytes together with 
perichondral cells In the chondrogenic stage, as feeder cells, which support the proliferation ability of chondrocytes, 
to allow rapid culturing of the human chondrocytes in a large amount. 

2. The method of claim 1 characterized In that the feeder celis are chondrogenic-stage perichondral cells of a 
mammalian fetus. 

3. The method of claim 2 characterized in that the perichondral cells are first arch cartilage/Meckel perichondral celis. 
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4. The method of claim 2 characterized in that the perichondral cells are perichondral cells of a 13-day-old mouse 
live fetus. 

5. The method of any one of claims 1 - 4 characterized by multilayer seeding and culturing of the cultured cells one 
or more times to obtain a gel-like chondrocyte mass. 

6. Normal human chondrocytes produced by the method described in any one of claims 1 - 5. 

7. Normal human chondrocytes produced by the method described in any one of claims 1 - 5 and wrapped in a 
cartilage matrix comprising chondrocalcin and/or type II collagen. 

8. Normal human chondrocytes of claim 6 or 7 which bind together through the matrix and form a gel-like cell mass. 

9. The cartilage therapy material consisting of material in which chondrocytes described in any one of claims 6 - 8 
are integrated. 

10. The cartilage therapy material of claim 9 wherein the material is collagen, polyglycolic acid, polylactlc acid, an 
alginate, polyethylene oxide, fibrin adhesive, polylactlc acid-polyglycolic acid copolymer, a proteoglycan, a gly- 
cosaminoglycan and/or human dermis. 

11. Feeder cells supporting the proliferation ability of chondrocytes for rapid culturing of human chondrocytes In a 
large amount by co-culturing with human chondrocytes. 

1 2. The feeder cells of claim 1 1 which are chondrogenic-stage perichondral cells of a mammalian fetus. 

13. The feeder cells of claim 12 wherein the perichondral cells are first arch cartilage/Meckel perichondral cells. 

1 4. The feeder cells of claim 1 2 wherein the perichondral cells are perichondral cells of a 1 3-day-old mouse live fetus. 
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CS21 cells (feeder cells) + human chondrocytes 




3T3 cells + human chondrocytes 
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Fig. 3 




Fig. 4 
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Fig. 8 



(A) Human 
cultured 
chondrocytes 
+ PGA 



(B) Human 
culured 
chondrocytes 
+ Calcium 
alginate 
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Fig. 9 
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Fig. 12 
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Fig. 13 
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1: Human cultured 
chondrocytes mass 
3 months after 
transplantation 
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Human collagen II 
cDNA fragment 
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